Pulmonary Function Tests {#Sec1}
========================

Spirometry is used to aid in the diagnosis of obstructive versus restrictive lung disease. Two-year mortality after hematopoietic stem cell transplant (HSCT) has been estimated using a pre-transplantation assessment of mortality (PAM) score which incorporates spirometry and diffusing capacity variables in combination with the presence of renal and hepatic dysfunction, conditioning regimen, and disease risk .Obstructive lung disease is diagnosed with a forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) ratio \< 70 % and FEV1 \< 80 %. If plethysmography (measurement of changes in lung volumes) is performed, increased residual volume (RV) indicates air trapping as seen in bronchiolitis obliterans syndrome (BOS).Low FVC with normal FEV1/FVC ratio indicates restriction. Lung volumes will help confirm restriction as seen in idiopathic pneumonia syndrome (IPS) or usual interstitial pneumonia. All lung volumes, including RV, will be reduced with restriction.DLCODiffusion capacity of carbon monoxide (DLCO) corrected for hemoglobin should be used (DLCOadj)\> 80 % normal, 60--80 % mild, 40--60 % moderate, \< 40 % severe impairment

Bronchoscopy {#Sec2}
============

Bronchoalveolar lavage (BAL) via bronchoscopy should be pursued once pneumonia is considered.Pre-procedure stabilization with supplemental oxygen is key.Depressed mental status may increase the risk of the procedure.The presence of severe hypoxia and depressed mental status may require endotracheal intubation to safely perform the procedure.Conscious sedation with fentanyl and/or midazolam is often used for comfort and amnesia.Unless there is active bleeding, correction of coagulopathy is not required, and there is no absolute platelet level required for safety with BAL alone.If transbronchial biopsy will be attempted, a pre-procedure platelet count of ≥ 30,000/mm^3^ and international normalized ratio (INR) of \< 1.5 is recommended.Complications of bronchoscopy include worsening hypoxemia, airway hemorrhage, and respiratory failure.The risks with transbronchial biopsy are much higher, including pneumothorax, respiratory failure, and difficult to control airway bleeding.Electromagnetic navigational bronchoscopy with BAL and biopsy may improve rates of diagnosis.Appropriately stained BAL smears may suggest a pathogen in a matter of hours while cytology, culture, and genetic results are pending. BAL fluid should routinely be sent for:Cytology, including stains for organisms (fungi, *Pneumocystis jiroveci* pneumonia (PCP)) and hemosiderin-laden macrophagesBacterial cultures (including *Nocardia*) and sensitivityFungal smear and cultureMycobacterium smear and cultureCell count and differentialGalactomannan antigen (Aspergillus)Polymerase chain reaction (PCR) for respiratory viral panelsPCR for legionellaDirect fluorescent antibody (DFA) staining for PCP

Diffuse Alveolar Hemorrhage {#Sec3}
===========================

Diffuse alveolar hemorrhage (DAH) is a subset of pulmonary hemorrhage that can develop in up to 5 % of all post-HSCT recipients with mortality rates ranging between 50 and 80 % based on the two largest case series. About 87 % of the cases develop in the first 3 weeks post-HSCT.

Risk factorsAdvanced ageGrade 3--4 acute graft-versus-host disease (aGVHD)Allogeneic transplantPre-HSCT myeloablative conditioning regimenThrombocytopeniaRenal insufficiencyCoagulopathyClinical findingsSubjective Findingsi.Shortness of breathii.Coughiii.Rarely hemoptysisObjective Findingsi.Feverii.Tachypneaiii.Acrocyanosisiv.Crackles heard on lung auscultationDiagnostic testsChest X-ray often shows bilateral diffuse alveolar opacities which could be confirmed by CT scan imaging (Fig. [22.1](#Fig1){ref-type="fig"}) as ground glass opacities. These findings are not specific and may be seen in many other conditions.Fig. 22.1Diffuse ground glass opacities in diffuse alveolar hemorrhage, confirmed by BAL. *BAL* bronchoalveolar lavagePulmonary function tests (PFTs) show increased DLCO; however, often these patients cannot participate in such testing.Bronchoscopy with BAL is the confirmatory diagnostic method. BAL shows progressive bloody return. Cytology with Prussian blue staining should show \> 20 % hemosiderin-laden macrophages. This test is limited if alveolar hemorrhage occurred \< 48--72 h before the procedure, as duration of time may be too short for red blood cells (RBC) phagocytosis by pulmonary macrophages.Pathogenesis of DAHThere is no clear etiology for DAH post-HSCT. The development of DAH around the engraftment period suggests an inflammatory cascade involving the alveoli. Pre-HSCT conditioning regimens (including total body irradiation (TBI)) may initiate the inflammatory process.ManagementPatients with suspected DAH should be transferred to the medical intensive care unit, given that respiratory failure may develop rapidly. Some patients require high-flow oxygen and subsequent mechanical ventilation for acute respiratory distress syndrome (ARDS). Supportive management and high-dose systemic steroids are the key elements of DAH treatment.Mechanical ventilation should be tailored to each individual, reflecting the ARDS mechanical ventilation protocol/low tidal volume for management of acute lung injury. This practice has not been validated in DAH, but the pathological pattern of DAH is similar to acute lung injury/ARDS. Similarly, prone positioning may be of benefit in refractory cases.Immunosuppressive therapy with high-dose corticosteroids is the mainstay of therapy based on case reports and retrospective series. Doses of up to 1 g of methylprednisolone daily divided into 2--4 doses should be given daily for 3--5 days, followed by a slow taper over 1--3 months. Alternate dosing schedules have been suggested, beginning at 2 mg/kg daily in divided doses, tapering over a 2-month period.Correction of underlying coagulopathy by maintaining platelet count \> 50,000/mm^3^ and INR \< 2.BAL to rule out a concomitant infectious pathogen.Recombinant factor VIIa (NovoSeven®) has been used; however, no benefit has been demonstrated.Aminocaproic acid (Amicar®) has been used less frequently with limited supporting data.

Idiopathic Pneumonia Syndrome {#Sec4}
=============================

IPS is severe lung injury that develops after allogeneic HSCT with no evidence of an infectious process. The incidence ranges between 2 and 35 % with mortality rates ranging from 60 to 80 %. More recent studies report a lower incidence likely reflecting improved diagnosis of viral infections with newer PCR tests. If mechanical ventilation becomes necessary, mortality approaches 95 %. IPS typically occurs within the first 2 months post-HSCT. However, delayed onset has been reported.

Delayed pulmonary toxicity syndrome (DPTS) is considered distinct from IPS per the American Thoracic Society official statement due to its relationship with a specific conditioning regimen. DPTS occurs in up to 64 % in patients who receive a conditioning regimen containing bis-chloroethylnitrosourea (BCNU), cyclophosphamide, and cisplatin.

Risk factorsGrade 3--4 aGVHDDonor cytomegalovirus (CMV) positivityConditioning regimens containing TBIOlder ageCertain malignancies (acute leukemia, myelodysplastic syndrome)Drug toxicity has been implicated; however, there is no method to discriminate between drug-induced lung damage and IPS.Clinical findingsFindings are indistinguishable from pneumonia which include fever, cough usually productive of scant or no phlegm, shortness of breath, and hypoxia.Diagnostic testsAll patients with suspected IPS should undergo chest imaging and bronchoscopy with BAL to rule out infection. Occasionally, chest X-ray does not show obvious infiltrates and CT scan of the chest is warranted. The criteria for diagnosis of IPS proposed by the National Heart Lung and Blood Institute in 1993 include:Radiologic imaging evidence of multilobar diffuse alveolar infiltrates.Hypoxia or elevated alveolar--arterial gradient.Negative BAL for blood and cultures for bacterial, fungal, and viral pathogens.Negative infectious studies from the blood, specifically for CMV.Pathogenesis of IPSEvaluation of BAL fluid from IPS patients shows elevated inflammatory cytokine markers compared to negative or healthy controls. IPS is likely a complex cytotoxic and immune-mediated attack of the lung.ManagementCorticosteroids should be started early in the disease course. Historically, patients who developed IPS around engraftment responded better to steroids. A reasonable starting dose is 2 mg/kg daily of methylprednisolone (or equivalent) for the first week followed by a slow taper over the course of 2--3 months.PCP and fungal prophylaxis are recommended.Etanercept (Enbrel®) 25 mg SQ twice weekly for 8 weeks has been used in conjunction with corticosteroids; however in small case series, no additional benefit was seen when compared with placebo.

Bronchiolitis Obliterans Syndrome {#Sec5}
=================================

The most common late pulmonary complication following allogeneic HSCT is BOS . The reported incidence varies from 2 to 6 % with estimate as high as 20 %. However, recent studies suggest the incidence is more prevalent than previously reported. The median time to onset is 1 year post-HSCT. However, the onset varies from 3 months to \> 10 years post-HSCT. BOS is rarely reported after autologous HSCT or umbilical cord blood HSCT. Most investigators consider BOS to be GVHD of the lung. It is also important to recognize BOS as a separate clinical entity from cryptogenic organizing pneumonia (COP) .

Risk factors reported by the Center for International Blood and Marrow Transplant Research (CIBMTR) include:Blood-derived stem cellsBusulfan-based conditioning regimenDegree of human leukocyte antigen (HLA) mismatchPresence of gastroesophageal refluxPrior interstitial pneumonitisAn episode of grade 3--4 aGVHD

Additional risk factors include:Personal tobacco useOlder agePreexisting airflow obstructionPrevious respiratory viral infection (CMV, respiratory syncytial virus (RSV), or parainfluenzae)Immunoglobulin G (IgG) level \< 400 results in a two- to threefold risk of developing BOS

2.DefinitionThe National Institutes of Health (NIH) diagnosis and staging working group prepared a consensus definition for BOS to provide uniform inclusion criteria for future studies. To make the diagnosis of BOS, these four criteria must be present along with active chronic GVHD in at least one organ other than the lung:FEV1 \< 75 % of predicted normalEvidence of airway obstruction with a ratio of FEV1/FVC \< 0.7Expiratory high-resolution chest CT that reveals air trapping, small airway thickening, or bronchiectasis or RV \> 120 % of predicted normalAbsence of active infection or pathologic confirmationi.Lung biopsy typically shows cicatricial bronchial obliterans (i.e., obliteration of airways by dense fibrous scar tissues)3.Clinical findingsInsidious course manifested by nonproductive cough, wheezing, and dyspnea. Early in BOS, pulmonary exam may be normal; however, later stages are manifested by wheezing, prolonged expiratory phase, and inspiratory crackles.4.Diagnostic testsChest imaging should be carried out in all patients undergoing workup for BOS. Chest X-rays may be normal early in BOS. As the disease progresses, hyperinflation may be present.High-resolution CT (HRCT) of the chest is more specific (see Fig. [22.2](#Fig2){ref-type="fig"}). Inspiratory and expiratory phases should be included to evaluate for air trapping or "mosaic lung appearance" which indicates regional airflow obstruction during the expiratory phase.Fig. 22.2**a** Inspiratory CT scan of the chest. **b** Expiratory phase CT scan chest in a patient with BOS. *CT* computed tomography, *BOS* bronchiolitis obliterans syndromePFTs are obtained as part of every patient's pre-HSCT baseline evaluation.i.The definition of airflow obstruction includes FEV1 \< 75 %, FEV1/FVC \< 0.70, or a decline in FEV1 \> 10 % in 1 year.ii.Also noted is air trapping or increased RV and RV to total lung capacity (RV:TLC) ratio.iii.DLCO is not expected to be reduced but is often low pre-transplant and/or after induction chemotherapy .Bronchoscopy is not routinely performed during the workup of BOS unless imaging is suspicious for an infectious process.Transbronchial biopsy is often nondiagnostic as the disease process is patchy.Surgical lung biopsy has higher chance of demonstrating constrictive bronchiolitis, the pathology seen in BOS.i.With the introduction of HRCT, surgical lung biopsy is often not required to confirm a diagnosis of BOS.5.Pathogenesis of BOSBOS may be a manifestation of primarily chronic GVHD with the etiology related to recognition of disparate antigens present in the context of HLA class I and class II major histocompatibility complex (MHC) molecules. It begins with fibroproliferative disease of the small airways, which results in inflammation, epithelial metaplasia, and denudification. Submucosal/mucosal fibrosis then develops, resulting in obliteration of the airways. Allogenic inflammatory conditions such as viral infections may also contribute to the development of BOS.6.ManagementManagement of BOS mainly involves intensifying immunosuppressive therapy and supportive care. There are no specific recommendations associated with treatment of BOS. The management of BOS mimics that of chronic GVHD.Response to bronchodilators is often minimal but nevertheless should be considered because of presence of airflow obstruction.Corticosteroids 1--1.5 mg/kg prednisone per day for 2--6 weeks, then tapered over 6--12 months if there is a response. This regimen is based on case series and expert opinions.Other immunosuppressive medications maybe effective as steroid-sparing agents, including calcineurin inhibitors . Tacrolimus may reduce the incidence of BOS as compared to cyclosporine.Macrolides have been used post-transplant to prevent BOS. Small case series have reported stabilization of FEV1. Azithromycin 250 mgpo three times each week is a suggested regimen.Leukotrienes have been reported to be elevated in BAL fluid of patients with BOS. Trials of montelukast (Singulair®), a leukotriene inhibitor, are underway.A small phase II trial etanercept (Enbrel®) in patients with subacute lung injury showed improvement in lung function with a 5-year overall survival of 67 %, and 90 % in patients who responded to therapy.Patients should be assessed for oxygen needs using 6-min walk test and/or nocturnal O~2~ monitor study.Echocardiogram can screen for pulmonary hypertension and left ventricular dysfunction, both accompanied by dyspnea.Lung transplant may be considered for very selected patients with severe respiratory impairment.

The management of BOS is complicated and requires a multispecialty approach (bone marrow, pulmonary, and radiology specialists). Prognosis of progressive BOS (\> 10 % FEV1 decline per year) is poor. Two-year overall survival has been reported at 45 % with a 5-year survival rate of only 13 %. The majority of patients die of respiratory failure triggered by infection. Attention to dyspnea and early and frequent PFTs may allow for earlier identification of BOS before permanent (fibrotic) airway changes, respiratory insufficiency, and pneumonia occur.

Cryptogenic Organizing Pneumonia {#Sec6}
================================

COP, previously known as bronchiolitis obliterans organizing pneumonia (BOOP), is a disease process of unknown etiology that differs from BOS in clinical findings, response to treatment, and prognosis. One case series of open-lung biopsies done in patients who underwent HSCT found that COP was the most common inflammatory pathology (52 %) .

Risk factorsNo risk factors have been identified. However, a correlation has been demonstrated between the development of COP and viruses, radiation exposure, connective tissue disease, inhalational drugs (cocaine), amiodarone, and inflammatory bowel disease.Clinical findings

The presentation of COP is similar to many respiratory disorders; most commonly, dyspnea is accompanied by nonproductive cough and fever. Physical exam is primarily notable for the presence of crackles and the absence of wheezing.

3.Diagnostic testsChest X-ray may show patchy consolidation with ground glass or nodular infiltrates.CT scan of the chest is typically required to demonstrate areas of bilateral organizing pneumonia and consolidation in subpleural or peribronchial distribution associated with areas of ground glass opacities. Migratory opacities on CT scan chest have been described in 25 % of patients with COP.PFTs typically show a restrictive pattern with decreased FVC, FEV1/FVC \>70%, and decreased DLCO; airflow obstruction (decreased FEV1/FVC) is generally absent.Bronchoscopy with BAL may be helpful in determining the diagnosis. BAL fluid demonstrates lymphocytes with a decreased CD4/CD8 ratio.Lung biopsy, either by transbronchial biopsy or by video-assisted thoracic surgery (VATS), is occasionally required to confirm the diagnosis. Typical pathology shows granulation tissue plugs in the bronchioles and alveolar ducts associated with surrounding chronic interstitial inflammation.4.ManagementPrognosis of COP is favorable; 80 % of patients can be expected to recover.Bronchoscopy with BAL is often required to rule out infectious processes.Corticosteroids have been used with great efficacy. However, relapses may occur if steroids are tapered too rapidly.
